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Introduction. This study compared the torsional properties of 2 stainless steel endodontic pathfinding instruments: C-
Pilot (VDW, Munich, Germany) and C files (Maillefer/Dentsply, Ballaigues, Switzerland). Stainless steel conventional
K-type instruments (KCC, VDW) were used as controls.
Methods. File sizes 10 were subjected to a torsional assay in clockwise rotation. The 2 parameters evaluated were
maximum torque and angular deflection at failure. The fractured surfaces and the helical shafts of the fractured
instruments were then examined by scanning electron microscopy (SEM).
Results. The results indicated that the angular deflection to fracture decreased in the following order: KCC  C-Pilot
 C. As for the maximum torque values, the results revealed the following descending order: C  KCC  C-Pilot.
SEM analysis revealed that plastic deformation occurred along the helical shaft of the fractured instruments and that
the fractured surfaces were of the ductile type.
Conclusions. The instruments tested showed different torsional behavior depending on the parameter evaluated.
Considering that high angular deflection values may serve as a safety factor for instruments used as pathfinders, the
conventional K file showed significantly better results than both C-Pilot and C files. (Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2011;112:667-670)Endodontic instruments used for negotiation of narrow
root canals should ideally exhibit small dimensions and
possess mechanical resistance to torsion so as to endure
the loads imposed on them during apical progression.1-3
Recently, instruments that are hand operated or engine
driven have become available specifically for pathfinding
purposes. Because these instruments are usually used in
watch-winding or clockwise rotation motions, they should
possess increased resistance to torsional fracture.
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doi:10.1016/j.tripleo.2011.04.032For torsional fracture to occur, the instrument’s tip
needs to be lodged and a rotation load (torque) applied to
the opposed extremity of the instrument in such a way that
this torque exceeds the resistance to torsional fracture of
the instrument. Torsional fracture of endodontic instru-
ments can be studied by mechanical tests or clinical use.
In mechanical tests, 2 parameters can be measured: the
maximum torque and the angular deflection at failure in
clockwise rotation. The maximum torque can be defined
as the maximum torsional strength before failure and the
angular deflection at failure as the degrees of rotation
along the long axis before failure.4
Pathfinding instruments have been introduced in the
market and there are not many studies comparing their
mechanical properties. Although it has been shown that
multiple factors can influence their performance,3 tor-
sional resistance is a very important property that requires
investigation, as it pertains to the safety use of these
instruments. Therefore, the purpose of this study was to
compare the angular deflection at failure and the maxi-
mum torque of instruments used for negotiation of narrow
root canals using a mechanical test in clockwise rotation.
MATERIAL AND METHODS
The pathfinding instruments included in this study
were C files (Maillefer/Dentsply, Ballaigues, Switzer-
land) and C-Pilot files (VDW, Munich, Germany).
Conventional K files (KCC file, VDW) were used as
controls. The instruments KCC and C-Pilot are
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tested instruments were size 10 and 25-mm long, were
made of stainless steel alloy, and possessed a square
cross section. The helical shafts of both KCC and
C-Pilot are 0.02 mm/mm tapered, whereas the C files
have a taper of 0.04 mm/mm in the first 4 mm from the
tip and then 0.02 mm/mm along the rest of the helical
shaft. All instruments had their diameters at 3 mm from
the tip (D3) measured by means of an optical micro-
scope (Pantec-Panambra, Cambuci, SP, Brazil).
Ten instruments of each type were subjected to the
torsional test in clockwise rotation by means of a uni-
versal testing machine (Emic, DL 10.000, São José dos
Pinhais, PR, Brazil). The torsional assay was performed
as described elsewhere.5,6 Torsion without axial load
was applied with a device attached to the crosshead of
the universal testing machine. By this approach, a
known torque was applied to the instruments and at the
same time rotation was monitored. The instruments
were clamped 3 mm from the tip by immobile brass
jaws and the handle grasped with triple set screws on
the rotating shaft. A 0.3-mm-wide cord wrapped around
the rotating shaft was connected to a load cell of 20 N
coupled to the crosshead of the universal testing ma-
chine. Rotation occurred as the crosshead was raised
and calculated to be 2 rpm.
Load and deformation at failure were continuously
recorded by a microcomputer coupled to the universal
testing machine. The deformation at failure was con-
verted to angular deflection (rotation in degrees) via the
following expression: Angular deflection at failure (de-
grees)  deformation at failure  360/2R. Then, the
following expression was applied: Angular deflection
at failure (number of revolutions)  angular deflection
at failure (degrees)/360. The maximum load was con-
verted to maximum torque via the expression: Maxi-
mum torqueMaximum load radius (shaft radius
cord radius), where the shaft radius was 4 mm and the
cord radius was 0.15 mm.
Data were statistically analyzed using the multiple
comparison test of Student-Newman-Keuls with signif-
icant differences determined at the 5% level (P  .05).
The fracture surface and helical shaft of fractured in-
Table I. Diameter in D3 and means of the angular
instruments
Instruments
D3
(nominal, in mm)
D3
(observed, in mm
KCC file (control) 0.16 0.18
C-Pilot file 0.16 0.17
C file 0.22 0.22struments were analyzed by using scanning electronmicroscopy (SEM) (JEOL JSM 5800, Tokyo, Japan) to
determine the type of fracture.
RESULTS
The diameter in D3 of C files was greater than that
in both KCC and C-Pilot files. This was expected
because of the greater taper (0.04 mm/mm) in the initial
4 mm from the tip of the C instruments. The values
obtained after measurements corresponded to the nom-
inal values provided by manufacturers (Table I).
Table I shows the values of maximum torque and
angular deflection at failure obtained in the torsional
test. Statistical analysis showed a significant difference
in angular deflection at failure among all instruments
tested (P  .05). The highest values were observed for
KCC files and the lowest for C files. As for the
maximum torque, statistical analysis also showed a
significant difference for all test instruments. C files
exhibited the largest maximum torque values and C-Pi-
lot files showed the lowest.
SEM analysis revealed that the fractured surfaces of
all instruments tested had ductile morphologic charac-
teristics. Plastic deformation (helical distortion) was
observed in the shaft of the fractured instruments (Figs.
1–3).
DISCUSSION
This study compared the angular deflection (safety
factor) and torsional resistance of instruments from 2
different manufacturers. Although these instruments
display different tapers, they have the same indication
for use, i.e., negotiation of calcified root canals. There-
fore, they were subjected to a test as described by the
International Organization for Standardization/Ameri-
can National Standards Institute (ISO/ANSI) Standards
Specification, with no modifications.
The results demonstrated that both twisted instru-
ments (KCC and C-Pilot) showed higher angular de-
flection at failure when compared with the machined
C file. This observation is in agreement with Seto et
al.,6 who reported that twisted files had significantly
greater rotation at failure in clockwise and counter-
clockwise directions than the comparable machined
ction at failure and maximum torque of pathfinding
Angular deflection
(degrees)
Angular deflection
(rotations)
Maximum torque
(g/mm)
606 1.68 157.0
481.5 1.34 139.56
342 0.95 231.57defle
)files. It should be noted that the KCC file (606 de-
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minimum value (360 degrees) reported in ISO 3630-17
and ANSI/American Dental Association (ADA) speci-
fication no. 28.8 It was also possible to observe that the
angular deflection at failure decreases as the instru-
ment’s diameter in D3 increases (point of immobiliza-
tion of the instrument’s tips in the torsional test). This
may help explain the lower values for angular deflec-
tion at failure presented by the C files.
Many authors4-6,9,10 believe that the main parameter
influencing the torsional failure of endodontic instru-
ments is the angular deflection at failure and not the
maximum torque. This is because during clinical use,
the angular deflection at failure (degrees or revolutions
to failure) may serve as a safety factor with regard to
torsional fracture. The higher the angular deflection at
failure that an instrument can endure, the higher the
elastic and plastic deformation before it reaches tor-
sional failure. This behavior acts as a safety factor
because the torque applied will remain below the tor-
sional resistance and the occurrence of plastic defor-
mation (unravelling of the cutting spirals) observed
after the instrument is withdrawn from the canal pro-
vides a warning about the risk of fracture. When nego-
Fig. 1. C-Pilot file. A, Fractured surface showing character-
istic ductile type (original magnification 500). B, Plastic
deformation observed on the helical shaft (original magnifi-
cation 170). C, Helical distortion (original magnification
95).tiating a narrow canal, it is usually very difficult (oreven impossible) for the clinician to sense that a small
file (e.g., #08 or #10) had its tip immobilized. Conse-
quently, for small instruments, the values of angular
deflection may become even more important than the
maximum torque. During negotiation, the pathfinding
instrument should be frequently removed and carefully
examined for plastic deformations along its shaft. The
present findings about angular deflection at failure sug-
gest that C-Pilot instruments have the potential to offer
more of a safety factor against fracture when used
clinically.
Regarding the maximum torque, C files showed a
higher torsional resistance. However, it was observed
that the maximum torque values of the tested instru-
ments exceeded the minimum value (60 g/mm) indi-
cated in ISO 3630-17 and ANSI/ADA specification no.
28.8 The high maximum torque values exhibited by C
instruments were probably related to the larger diame-
ter in D3 as compared with the other instruments tested.
Our results indicated that C instruments tolerated a
maximum torque before failure superior to KCC and
C-Pilot files.
The mechanism of instrument failure was the same
for both machined and twisted instruments tested in this
Fig. 2. C file. A, Fractured surface showing characteristic
ductile type (original magnification 500). B, Plastic defor-
mation observed on the helical shaft (original magnification
170). C, Helical distortion (original magnification 95).study and similar to that described by Seto et al.6 and
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rotation, an elastic deformation initially occurs on the
shaft of the instrument in an area next to the point of tip
immobilization. Continuous application of torque then
surpasses the yield point of the material causing a
plastic deformation characterized by unwinding of the
cutting spirals. This plastic deformation increases the
mechanical hardening of the material (decrease in plas-
ticity). As the torque continues, it may surpass the
breaking point of the instrument close to the area of tip
immobilization.11
SEM analysis revealed evidence of plastic defor-
mation in the helicoidal shafts of the fractured in-
struments. Plastic deformation was more pronounced
for KCC instruments. The fracture surface of the
instruments tested had morphologic characteristics
of the ductile mode, which is also in agreement with
Fig. 3. KCC file. A, Fractured surface showing character-
istic ductile type (original magnification 500). B, Plastic
deformation observed on the helical shaft (original magnifi-
cation 170). C, Helical distortion (original magnification
95).other studies.12,13In conclusion, the present study revealed that the C
file showed better results in the maximum torque anal-
ysis. Of the pathfinding instruments tested for angular
deflection at failure, the C-Pilot file showed signifi-
cantly better results than the C file. However, the
conventional K file (KCC) exhibited the best results
in this test. If one considers that high angular deflection
values may serve as a safety factor for pathfinding
instruments, conventional K files have the potential to
offer a better clinical performance with regard to tor-
sional behavior.
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